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Abstract into a single die. Therefore, a sufficiently large staticseoi
Low power, minimum transistor count and fast access statinargin (SNM), write-ability margin (WAM) and read-current
random access memory (SRAM) is essential for embeddéd..,) in a bitcell are needed to be maintained carefully to
multimedia and communication applications realized usingrevent the tremendous loss of parametric yield causedey th

system on a chip (SoC) technology. Hence, simultaneous t@chnology scaling induced side effects.
parallel read/write (R/W) access multi-port SRAM bitcelle Several bitcell topologies [3, 2] and design methodolo-
widely employed in such embedded systems. In this pap&ies [9, 8] are discussed in the current literature for It-por
we present a 2-port 6T SRAM bitcell with multi-port capabil-SRAM bitcells, addressing the nano-regime challenges.-How
ities and a reduced area overhead compared to existingt2-pever, it is a non-trivial task to simultaneously maintainNgN
7-transistor (7T) and 8T SRAM bitcells. The proposed 2-poiVAM, and |I,...q in multi-port bitcells [11]. In addition, some
bitcell has six transistors (6T) and single-ended read aiité w circuit techniques have been proposed to solve the SNM,
bitlines (RBL/WBL). We compatre the stability, simultansou WAM, |....4 and simultaneous access conflict issues in 2-port
read/write disturbance, SNM sensitivity and misread aurre bitcells [7, 14, 11]. In [7], a priority row decoder circuihd
from the read bitline with the 7T and 8T bitcells. The staticshifted bit-lines access scheme was employed to improve the
noise margin (SNM) of the 6T bitcells around the write disSNM and eliminate the simultaneous access conflict problem,
turbed bitcell is53% to 61% higher than that of the 7T bit- but this scheme does not fit in independent clocking systems.
cell. The average active power dissipation under the differ The isolated read-port bitcells have recently been theecent
read/write operations of the 6T bitcells38% lower than the of attention because of the SNM-free read operation, and im-
8T and equal to 7T bitcell. Hence, the proposed 2-port 6 proved WAM by providing an additional biasing to the bit-
SRAM is a potential candidate in terms of process variahilit cell [14, 11]. A misread (erroneous read) problem or large
stability, area, and power dissipation. leakage drawn current from the pre-charged bitlines by the u
accessed bitcells limit the number of bitcells per bitlineal-
most eliminated by the use of read-foot buffer shared among

Keywords the bitcells per word [14]. However, additional biasing and
Static Random Access Memory, Power Dissipation, Statiead-buffer foot lead to an extra silicon overhead and aidens
Noise Margin, Multi-port SRAM erable trade off in floor-planning.

In order to address these shortcomings of the multi-port
1 Introduction and Motivation SRAM bitcells, in this paper a state-of-the-art 2-port 6 Tnme

ory bitcell is introduced. Its word-oriented array organiz

Aggressive scaling of CMOS technology presents a nuriion to realize the_ high density SRAMs particularly sui_mbl
ber of distinct challenges for embedded memory fabrics. FPr future generation compact embedded systems realized as
instance, smaller feature sizes imply a greater impact of pr'@noscale SoCs, is also proposed. o
cess and design variability, including random thresholthge In particular the following are proposed in this paper:

(Vry) variation, originating from the fluctuation in numberof | A naow 2-port 6T memory bitcell and its word-oriented
dopants and poly-gate edge roughness [6, 13]. The proc@ssan g5y organization is proposed to eliminate simultaneous

design variability leads to a greater loss of parametrilchyiH] read and write access disturbances due to column select
due to poor SRAM bitcell noise margins and degraded bitcell functionality in neighbouring bitcells or words.

read-currents, when a large number of devices are intejrate

OAuthor Jawar Singh acknowledges support from the Goverhofendia, 2. The poor read-noise margin and confllctlng read-write

grant no. 11015/12/2005/SCD-V and author Saraju P. Mohaciypowledges prOble_ms are handled p_y iSOlatir‘g the read and write-ports
partial support from NSF award CNS-0854182. to achieve higher stability margins.



BL1BL2 BL2 BLT weL RBL (B) of both the ports, while, maintaining adequatg,}. The
? 1 d l-eaq (read-current path shown in dotted) has direct interven-
tion with the data storage node and a strong relationship wit
the read SNM and read access time (performance). Hence,
1 optimization of these parameters is not a trivial task. Rer i
" stance, increasing the cell ratio will improve the read SNM
xat and |...q but at the same time it will reduce the WAM and in-
Isolated crease the bitcell size. Furthermore, the simultaneousaed
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cells and may flip the bitcells. If there is an insufficient SNM
or WAM, simultaneous read and write operations may lead to

Figure 1. Schematic diagram showing the si- an un-faithful storage of the digital information.

multaneous read/write-disturbed access (rise in
the node voltage) and dotted read-current path
(Ireqq) Of (@) the standard 2-port 8T SRAM bitcell

with non-isolated read-port [7] and (b) an iso- . . )
lated read-port 7T SRAM bitcell [11]. Figure 1(b) shows a 2-port (1R/1W) single-ended 7T bit-

cell [11], with an isolated read-port comprising of two tsés
tors M1g, M2g, and a single read bitline (RBL) to directly
sense the data from node Q. A separate write port consisting
3. The process variation sensitivity analysis shows that thof a single ended write bitline (WBL) and a separate write
proposed design has significantly low process variatiofordline (WWL) controlling the pass-gate access device. A
sensitivity as compared to existing ones, hence a bettgr/1W port (or separate read and write port mechanism) of-
parametric yield. fers a static-noise-margin-free read operation, sincelates
the read current path (shown in dotted) from the data storage
nodes (Q or QB). It eliminates the conflicting read and wete r
2 Related Prior Research in SRAM quirements of sizing of pass-gate access devices whichiexis
standard 1-port 6T and 2-port 8T bitcells, thus device siages

The multi-port SRAM bitcell topologies are mainly used toP€ Optimize separately for target margins to achieve aatelic
increase the memory bandwidth in multi-core or parallel pra?@lance between read stability and write-ability. Theatioh
cessors. However, exploiting the parallelism phenomenon Pf read-ports provides more than 2 times better read SNM that
multi-port SRAMs in order to improve the bandwidth leads t¢@nnot be achieved in standard 6T bitcell, as shown in Fig-
certain design constraints. In this section, we will explar Ure 2(b). Maintaining a strong write-ability of logic *1" if-
port SRAM bitcell topologies and some design constraints dicult, specifically when a single ended write bitline and apa

2.2 Differential VSSM 7T SRAM Bitcell

challenges that are inevitable in the nanoscale regime. gate device are used. Therefore, a data dependent difdrent
VSSM (VSSM1 and VSSM?2) biasing arrangement is proposed
2.1 Standard 8T SRAM Bitcell in this design to improve write-ability-margin (WAM). Thes

VSSM lines are boosted (byss + ) differentially depend-
ing on the input data. However, the use of differential lrigsi

. . - _ : chnigue causes the undesirable loss of SNM at unselected
bitcellis shown in Figure 1(a) [7]. With the f[echnology sogl bitcells in a write-selected column. Furthermore, geriegat
s_tandarq 8T has not been a popular choice of t.hef SRAM dgh routing of these biasing increases the array area aerhe
signers in _the nanometer regime bgcause cmfhctmg_ read agjﬁ results in a complex floor plan.
write requirements lead to poor noise margins and increase
area overhead. Several new designs have been proposed in the .
recent past to address the nanometer regime issues. The prisn | € Proposed 2-Port SRAM Bitcell
concern in the SRAM design is the tradeoff among power, per-
formance and area, while maintaining a higher degree oflstab In the nanoscale regime, for subthreshold SRAMs, noise
ity (or robustness). The first three parameters: powerpperf margins or data stability are the key concern [15]. Morepver
mance and area are application dependent, and one of them tastandard 1-port 6T or 2-port 7T and 8T bitcells, stability
easily be relaxed without compromising with the stabilfgr  problems also arise during a write or simultaneous read and
instance, in subthreshold SRAMs, noise margin (robusinesarite operations to an unselected column when the wordline
is the key design parameter and not speed [15]. In standdsdactivated and bitlines are asserted high [11, 4]. However
8T, stability issues are quite similar to 1-port 6T bitceith as in order to cope with this type of stability loss, column stle
conflicting read and write requirements of sizing the paste-g functionality within the array must be eliminated or praati
devices, as a result large bitcell size. Handling of paraémet array organization techniques need to be explored. Therefo
yield loss due to stability issues or a poor read SNM, as shownodifications in the array organization are just as impdaman
in Figure 2(b), and WAM simultaneously in the standard 2tpoiin the SRAM bitcell itself.
8T bitcell is achallenging task, because of tuning the cellratio  The proposed 2-port (1R/1W) single-ended read and write

The standard non-isolated read and write 2-port 8T SRA
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I'\_"| o w w, e sub-wordline driver to activate the local wordlines, andet s
al ®) of read and write-assist transistors. To emphasize howrthe p
posed array organization departs from the standard ones: in
Figure 2. (a) Schematic diagram of the proposed a standard S_RAM array organization eachlword bitcells are
2-port 6T SRAM bitcell with shared read and mterleaveq (|..e. sandwmhgd). In a word-oriented SRAM ar-
ray organization, all the bitcells of a word are kept togethe
transfer characteristics and SNM obtained from (i'?' non—?nterleav_ed), which facilitate_s the shar_ingeﬂd and
butterfly curve for the standard 8T, 7T and pro- write-assist transistors. This results in each bitcell ofcad
posed 6T SRAM bitcells. haV|_ng Six trgn3|§tprs. Thergfor_e, a Word-or|_ented_ array o
ganization with divided wordline is proposed, in which thes
transistors are activated vertically by sub-wordline ers/to
read or write a word. However, multi-divide word and bit-
bitlines 6T bitcell is shown Figure 2(a). This bitcell costsi line techniques are commonly used to reduce the charging and
of a cross-coupled inverter pair (INV-1 and INV-2) and twodischarging capacitance of wordlines and bitlines, or meot
single-ended separate read and write-ports. A separate re@ords to minimize the read/write delay for improving theegrr
port comprises of a single ended read bitline (RBL), transis performance [5]. The use of divided wordline and vertically
M1y and a shared read-assist transistgs MM The transistor activated sub-wordline drivers in the proposed word-d&en
M1y separate’s data storage nodes (Q and QB) and prechragétRy organization is a design strategy for achieving Séé-f
RBL to indirectly sense the data from node Q and prevent§ad operation and strong write-ability margin simultarsp
it from rise in voltage when it hold OV. The write-port con-While eliminating the simultaneous read/write disturbaoc
sists of a write bitline (WBL) controlling the pass-gate ev column select functionality problem within the array. Itliwi
(M5) and a write-assist transistor {Ms), shared per word. increase an array area overhead, however, the main wordline
The shaded transistors shown in Figure 2(ax(@and My, 4)  drivers need to scale with their load, because they haveve dr
are read and write-assist transistors, respectivelyeshay all fewer sub-word line driver transistors, and can offset tteaa
the bitcells of a word. Thenique features of the proposed 2- overhead incurred by the sub-wordline drivers. In this giesi
port 6T bitcell as compared to the previously proposed titce Sizing of read and write assist transistors play a significale
[7, 11] are as follows: and they have direct impacts on the performance, area and bit
line leakage currents. The sizing issues of read and waite tr

e The read bitline (RBL) is isolated with a single transis-Sistors have studied in detail in [10].
tor while another (read-assist, /M) transistor is shared
among all the bitcells in a word. This arrangement pro-
vides a SNM-free read operation and a more area efficieBt2 Read Operations
bitcell, compared to standard 8T and differential VSSM
7T SRAM bitcells.

L 4
2

o -

write assist transistors per word (b) the voltage

The read operation of the proposed 2-port SRAM bitcell is
e Instead of having a dynamic or data dependent biasingried out via a single ended bitline (data-line). Priomto
scheme to improve Write-ability, we have used a Writeread Operation’ read bitline, RBL, is precharged oV Af-
assist transistor (M 1), shared per word, to advance theter prechrage, RBL is disconnected from thg /followed by
WAM or to achieve a strong write-ability of logic "1’ even the activation of read word line (RWL) to turn on the read as-
at lower operating voltage levels (subthreshold). sist transistor, M2, while the write wordline (WWL) of the
bitcell is activated to low and its complement (WWLO) is set
e Anon-interleaved array organization to facilitate thersha high. For reading ‘0’, read bitline has to discharge through
ing of Mga, My a and sub-wordline drivers, for elim- the read-port (i.e. from Mg and M2z), while for reading ‘1,
inating the column select functionality within the array.read bitline RBL has to remains at precharged level\(;;)
This helps in achieving both the SNM-free read operasecause transistor M2is turned off. As a result, reading ‘1’
tion and strong write-ability margin simultaneously, véhil is directly sensed from the precharged RBL. Therefore,-n ei
eliminating the simultaneous read/write disturbance prokher case reading ‘1’ or ‘0’, storage nodes are isolated from
lems. the read current path, hence, it significantly enhancesdte d
stability during read cycle.
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Figure 3. A 32-bit word organization of the proposed 2-port 6 T SRAM bitcell with shared read and write-

assist transistors, and a sub-wordline driver to eliminate simultaneous read/write disturbance problem.
3.3 Write Operation RW BL1 R/W BLn RW BL1 RW BLn
|-| WL‘I |-| ....... .
It is a fact that the write operation in single ended SRAM R} \ Ron =
bitcells is difficult as compared to its counterpart staddsir . — : —
bitcell because of strongly cross coupled inverters and un- word word | R

aided write operation. To overcome this problem, a writésass

transistor My 4 is used, which is controlled by WWLO. The c R D

usage of My 4 is to weaken the cross coupling of proposed —BW I T,

6T bitcell inverters during write access time. Initiallyevas- word z E word

sume that the node-Q0 and QB-= 1, write word line (WWL) Column 1 @ Column 2

is asserted high to turn on the write access transistpthdt

connects the precharged bitline (BL) to node Q. As both the in e T Ve o 7T o word B

verters (INV-1 and INV-2) are strongly cross coupled, safor . N

ing the node Q to ‘1’ is difficult through a pass gate device o LS I \ |

(M5). Hence, weakening of the pull down strength of INV- S o [ T . \K%& st

2 by inserting a series transistoryv, is employed, which is o '

controlled by WWLO to cut-off during the onset of write op- o o

eration. In other words, M 4 is used to weaken the strongly 02 02

cross coupled inverters. Hence, it enhances the writéabil O T Oy e

even at lower operating voltages effectively. Qg))[" A

4 Simultaneous Read/Write Access in the Pro- Figure 4. (a) A schematic diagram for illustrat-
posed 2-port 6T-SRAM ing the simultaneous read and write access is-

sues in the proposed word-oriented array orga-

Figure 4(a) shows the schematic diagram of a 2-port 6T hization with 2-port 6T SRAM bitcells, and (b)
SRAM bitcell memory module, with word-oriented array or- @nd (c) butterfly curves for SNM comparison
ganization having four n-bit words (A, B, C and D) arranged When a bitcell of word ‘A" is written.
in 2-rows and 2-columns. In order to demonstrate how si-
multaneous read and write accesses influence the states of th
neighbouring bits or words. The butterfly curves shown in
Figure 4(b) are used for measuring the degree of disturbanggords). A vertical read wordline control signal, Rw1, will

(SNMs). activate one input of each the NAND-2 gates connected to col-
umn 1 sub-wordline drivers, as shown in Figure 3. Therefore,
4.1 Reading Word A only NAND-2 corresponding to row 1 and column 1 will acti-

vate the sub-wordline driver of word ‘A, because there is/on

To read word ‘A, global wordline WL1 and read wordline one wordline WL1 asserted high. Hence, this NAND-2 will
RWL1 are asserted high, and the read bitlines (RBLs) of caiurn on all the read-assist transistors of row 1, therehghdisg-
umn 1 are precharged topfs. These global read and write ing the RBLS, if the storage node Q=1, else, RBLs remain as
wordlines, with the help of sub-wordline drivers will selélee it is. Also when reading a word from column 1, the remaining
word ‘A, for reading. In general, this operation will inflnee  columns’ RBLs are not precharged and sub-wordline drivers
all the bitcells in row 1, such as word ‘B’ and all the bitcellscorrespond to these columns are inactive. Thus, the dtabili
sharing column 1 read bitlines, such as word ‘C’, as showof all the bitcells in row 1 remain untouched. However, in-col
in Figure 4(a). Let us examine, how it affects row 1 bitcellsimn 1 all the associated RBLs of a word are precharged but



the read wordlines (except RW1) were not activated, hence, 0.04
there is no disturbance to the bitcell content of the unsetec
rows of the same column. Also this operation will not degrade
the l...q resulting non-misread operation. Thus, the proposed % of { @
word-oriented array design provides a destruction (SNg fr
read operation as shown in Figure 4(b).

—— M1 —e— M2 —&— M3 —&— M4 —— M5 —— M6

—0.62 —OA‘Ol 6 0.61 0.62
4.2 Writing Word A 0.015 at

—e—M1 —e—M2 —&— M3 —8— M4 —— M5 —o— M6

Similarly to write in word ‘A" (mainly altering the bitcells
content), WL1 and WW1 are asserted high, and the write bit-
lines (WBLSs) of column 1 are precharged tg,¥. This op-
eration can influence all the bitcells (words) in row 1, sush a

word ‘B’ and all the words in column 1, such as word ‘C’, as ~0.001 ‘ ‘ ‘ ‘
. . -0.02 -0.01 0 0.01 0.02
shown in Figure 4(a). AW
. . . ny . 0.04~ : : . .
Write operation in a selected word ‘A, will only take place —o—M1 —6—M2 —=—M3 —8—M4 ——M5 —— M6

when NAND-1 corresponding to row 1 and column 1 (see Fig- 0.02

ure 3) will activate the sub-wordlines driver of word ‘A. As s

the NAND-1 has to drive the local sub-wordlines to turn-on 5 °

the all access transistors connecting the WBLs and turaffig- -0.02}

of the write-assist transistors of all the bitcells in a wohtso ooul ‘ ‘ ‘ ‘
when writing into column 1, remaining WBLSs (except column =002 -0.01 0 0.01 0.02

1 WBLSs) were not precharged and these WBLs will not be
connected to bitcell data storage node by the access devices o
Thus, the stability of all the cells in row 1 words remain un- Figure 5. Read SNM variations of standard 6T
touched. For column 1, all the WBLs associated with word ‘A SRAM which are obtained from the butterfly
were precharged but the write wordlines (except WL1) were Curves by varying the device parameters: (a)
not activated, thereby the write access device of remaiitng ~ Small change in L, (b) small change in W, and
cells sharing the same column are in cut-off, hence, there is (¢) small change in - V.
no significant influence to the bitcell content of the unsieldc
words of the same column. [see Figure 4(b)]

For a comparative view, we study the write disturbance in. . .

: . simultaneous read and write operation of a word from the same

the bitcells of word B, C and D. We use the SNM metric Obbolumn such as reading a word ‘A’ and writing a word 'C’ is
tained from the butterfly curves to study the disturbancéén t '

bitcells around the written word A (WL1=1 and WW1=1). The:ll\llﬁlS ;r(i[eb(i gzpu%bzgljjrjeﬁgat)ﬁeltse E\s/\-/ro:)(;t-(;eril:e,nst:)draa\?rea;géi
butterfly curves of a bitcell from the word B are obtained b

Xith sub-wordline drivers and modified read-port configura-

keeping the WL1=1 and WW2=0 as shown in Figure 4(b). Thﬁon. These features help the 6T bitcell to keep the SNM free

SNM of a 6T bitcell from the word B 1% higher than the R and write operation, thereby any misreading does not pccur
7T bitcell [11]. The 7T bitcell SNM is disturbed due to voltag . f .
and also there is no SNM reduction.

division effect between an access and a NMOS pull down tran-

sistor and also due to differential bias arrangement fotewri

operation. Similarly, for a bitcell from word C, the read SNM5 SRAM Process Variation Sensitivity
is 53% better than the 7T bitcell because the use of differential

VSSM disturbance. To quantify the robustness of proposed SRAM bitcell de-

sign under process variation, the SNM sensitivity analfcsis
4.3 Simultaneous R/W Word A and C known device parameter variations suchV&sL or Vg is

done. Small variations in these parameters were made te iden

Simultaneous read and write operations in the previoustify the sensitivities of which parameters, in which deviaed

proposed schemes of 2-port bitcell designs [11, 12, 3],g®sshow much variation a design can tolerate to determine the
some challenges such as maintaining sufficient read SNiarametric yield in SRAM. The SNM sensitivity to a device
WAM and I,...4. Reduction in read SNM and increase jp,l;  parameter:(W, L or V) on device: is defined as the per
is mainly caused when the storage node Q voltage rises. Taeit change in SNM A SNM) to per unit change in parame-
increase in the node Q voltage is due to the voltage divisiaer (Ax), that isAifM. These sensitivities are obtained from

effect when a simultaneous read and write operations occtine HSPICE simulations by small variationsin as shown in

An increase in J..q may cause misread operation due to inFigures. 5 and 6 for a standard 6T SRAM and the proposed 6T
creased RBL leakage, while reduction in SNM may flip thesRAM bitcells, respectively at ¥p = 1.0V.

data storage node content. In the proposed 2-port 6T hitcell Simulation results show a linear relationship between
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Figure 6. Read SNM variations of the proposed
6T SRAM which are obtained from the butter- Figure 7. The gradient which is defined as per
fly curves by varying the device parameters (a) unit change in SNM to per unit change in the
small change in _L, (b) small change in W and device parameter (a) L, (b) Vry and (c) W, at
(c) small change in Vrp. Vop = 1.0V for standard 6T SRAM and pro-

posed 6T SRAM.

ASNM and small variations inz;. Hence, SNM sensitiv-
ity is the gradient of these straight lines, higher the gratli

higher the sensitivity. In both the SRAMs, SNM is more SeN3 s of pull down devices (Mand M,) for variations inZ. are

sr|]t|ve 0 vanauc:jnsr:nL folrllowedl bﬁfVTH afm ddW' _It(;ndmgt;z .53% and91% less compared to standard 6T SRAM bitcell as
the pronounced short channel efiect of drain-induce Mshown in Figure 7 (a). As a results, proposed SRAM is more

!owerlng(D_IBL), Whlch S|gn|_f|cantly deterlorat_e_s_Sl\_IM, S8 robust to process variations and may provide better paramet
it reduces inverter gain at highp . SNM sensitivity in stan- yield

dard SRAM bitcell due to variations ih of pull down devices
(M2 and My,) is higher than the pull up devices (Mind M)
and followed by the access devicess(&hd M), as shown in 6 Area, Power, and Performance of the Pro-
Figure 7. The trend is well expected, since, pull down device ~ Posed 2-Port 6T-SRAM
dominate in controlling the SNM. The high SNM sensitivity to
standard SRAM bitcell is mainly due to opposite nature of gra Area, power, and performance are three key the metrics
dient between a pair of pull down devices{Mnd M), pull apart from stability and process variability tolerance lire t
up devices (M and Mg) and access devices gMind Ms). For  SRAM design to identify a potential SRAM design for specific
instance, the gradients of pull down devices for variations  applications. These metrics have significant importanoerwh
are 1.43 and -1.2, respectively, as shown in Figure 7 (a)- Comulti-port SRAM designs have been targeted for sophistitat
sequently, standard SRAM is more sensitive to process-var@gpplications such as pipelined or parallelism in embeddad m
tions. timedia and communication applications.

The SNM sensitivity simulation results of the proposed
SRAM bitcell for small variations in device parameters shov6.1 Area Overhead with Multi-Port Capa-
the similar trend with significantly low sensitivity to SNMs bilities
shown in Figure 6. However, the short channel effect is also
pronounced here, and makes higher SNM sensitivity to chan- Multi-port capabilities in the SRAM bitcell designs expo-
nel lengthL. An asymmetric nature and separate read amkential increase the bitcell size with the number of accessp

write ports make the proposed SRAM design less sensitive to
read SNM, as indicated in Figure 7 (a). For instance, theigrad
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multi-port capabilities in 6T, 7T and 8T bitcells.

ferent read/write operations of the 6T or 7T SRAM cel2#%

Figure 8 shows the trend of area overhead with multi-port cd2Wer than the 8T bitcell [Figure 9].

pabilities in the proposed 6T, 7T and 8T bitcells fo6Znm

technology node. An additional read or write port in 8T biitce 6-3 Performance

needs two bitlines, two access devices and a wordline. How-

ever, in 7T each read port costs two isolated read-port devic For the target applications such as video-processing, high
and a read bitline, while write port needs a single write wordread access multi-port SRAM is strongly recommended since
line and an access device. In the proposed 2-port 6T bitcelile read operation occurs more repeatedly than the write ope
each additional read or write port will cost a read or writgists ation in video codec. For instance, in video codec once video
device and a read or write bitline. Thus, the proposed desidf@mes are written in memory, several search algorithms hav
provides the multi-port capabilities at a reduced areatman t0 read the data many times for decoding those frames. Fig-
compared to 7T and 8T bitcells, either providing a read port ¢ire 10 compares the distribution of the read access time of
a write port. An analytical analysis of the area overheadlof 6 6T, 7T and 8T bitcells. The read access time distribution was
7T and 8T bitcells is presented here. The 2-port (1R and 1v@ptained by the Monte Carlo simulations. Each bitcell was
6T bitcell area i9).748um? i.e. (0.55um x 1.36um), whichis ~ simulated unde8o random variations in threshold voltage of
9% and31% lower than the 7T and 8T bitcells, respectively. Ineach transistor. For the proposed 6T and differential VSSM
order to provide an additional read port (2R and 1W) the aredl read access time was calculated when the read wordline
overhead for the 8T bitcell god®0% higher than the 6T and (RWL) rises t00.5 x Vpp to a time when the output of the
77% higher than the 7T bitcell. However, the area overhead f&ense amplifier (read buffer) is reached)té x Vpp. Simi-

6T bitcell is16% lower as compared to 7T bitcell. Similarly, larly, in 8T read access time was defined as the time between
area overhead cost for providing 2R and 2W ports in a in 6the RWL rises td).5 x Vpp to a time when we got the ex-

bitcell is 22% and42% less compared to 7T and 8T bitcells,pected differential voltage of bitling$0)mV. The mean read
respectively. access time of 6T and 7T bitcells is very close tha.i&ns

and2.48ns, respectively. Read access time of the proposed 6T
bitcell is 10% higher than that of the 7T bitcell because of the
modified read-port or in other words, stacking phenomena in

Figure 9 compares active power inthe 6T, 7T and 8T bitcelltshe read-port slow down the read performance of the 6T bit-

; ; . . Cell. However, mean read access time of 8T bitcell is signifi-
Z_r ?r;frfr?:rrit :ﬁid; \tﬁrrlée r?epﬁgztl(:t?eszi.r giti?/ Z agsv;rc%';cseu“; ati é:antly lower compared to 6T and 7T bitcells. Hence, 8T hitcel
aétltern i< also as mm'etric In,Fi ure 9. o gratiorLWﬂandsp achieves the high performance. Performance of the proposed
b L Y e lgure =, op .., 6T can be achieved equivalent to an 8T by optimizing the size
for writing ‘1’ into the bitcell while its original contentsi’0’.

Similarly, R10 stands for reading ‘0’ from the bitcell, while Z:;za;o\l/—:rshselsatc;ranmstor, however, it may lead to an irseréa

its previous output was ‘1’. For operations \W1and R11 '

the active power of 6T/7T bitcells is very low as compared to .

8T bitcell, because both the operations are performed witho/ Conclusions

discharging the bitline of the 6 T/7T bitcells. Under such op

erations precharged bitline can be used for future reatdwri A 2-port 6T SRAM bitcell with multi-port capabilities is
operation. Alternatively, in 8T bitcell one bitline has tesd presented. The major challenges of 2-port SRAM bitcells,
charge during these operations. However, the active pawer fsuch as poor data stability, read and write disturbancesiand
operations R10 and RQO in 6T/7T bitcells is21% and29%  multaneous read and write conflicts have been addressed. The
higher than the 8T bitcell. The average active power under dirobustness, process sensitivity, area overhead, powepexnd

6.2 Power Dissipation
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Figure 10. Distribution of read access time of
6T, 7T and 8T bitcells.

[7]

(8]

[9]

formance of the proposed bitcell are compared with existing
7T and 8T bitcells. The proposed 6T bitcell has better static
noise margin compared to 7T bitcell under write disturb con-

ditions. Also, 6T bitcell provides SNM free read operation

while in 7T and 8T designs SNM degrades during read og410]
erations and simultaneous read and write accesses. The sen-

sitivity to process variations in the proposed design isaip t

90% less than the standard 8T bitcell. The bitline leakage cur-

rent by the unaccessed bitcells is reduced in the 6T due to re- 4 ) ) )
11] T. Suzuki, H. Yamauchi, Y. Yamagami, K. Satomi, and HaAk

configuration of the isolated read-port, results no mismgad

eration. The area overhead in the proposed bitcell for grovi

ing the multi-port capabilities such as additional readarite

ports is lower than the 7T and 8T bitcells. Hence, the pro@osqlz]
design has significant potential for the multimedia and com-

munication applications for nanoscale and other SoCsimger

of area and power dissipation. Furthermore, sensitivifyrte

cess variations and high stability margins make the praposél3]

design more attractive in nano-regime.
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